ABSTRACT -The activity of the litter-feeding macrofauna affects litter decomposition rates at the local scale, and their preference for particular litter types is mediated by litter traits. Environmental changes such as invasion by exotic plants may change the characteristics of the litter at a local scale, with consequences to ecosystem processes. Here we evaluated the feeding preferences of four detritivores (terrestrial isopods) from two biogeographic regions (neotropical and palearctic), offering them native or non-native litter in cafeteria experiments. Our results show that isopods from different geographical regions exhibit essentially the same food preference, irrespective of whether or not they previously had encountered the litter tested. Combining the isopods' preference ranks with the principal component analysis of nine litter traits, we show that preference increases with increasing nitrogen and calcium contents and decreases with increasing toughness, C:N ratio and thickness, irrespective of the geographical origin of both litter and detritivores. We conclude that the palatability of a non-native litter to the native detritivore community can be predicted from their respective litter traits and thus, native detritivores will feed on a particular non-native litter type as likely as do detritivores in the native range of the plant. As the combination of traits that indicates palatability to the isopods also indicates litter decomposability, it could be possible to predict ecosystem responses in terms of litter decomposition rates upon changes in litter composition.
INTRODUCTION
Decomposition of plant litter is shaped by environmental factors, among which climatic conditions, soil properties, litter characteristics and microbial and faunal activity have been considered pivotal (Swift et al., 1979; Wall et al., 2008) . Among different biomes, climate is the main factor controlling decomposition rates (Meentemeyer, 1978; Aerts, 1997; Gholz et al., 2000; Liski et al., 2003) . However, under the same climatic conditions and even within shown by observing mass loss in exclosure experiments in the field (Meyer, 2008; Smith et al., 2009; Rouifed et al., 2010) and in the laboratory (Tian et al., 1992; Vos et al., 2011; Treplin and Zimmer, 2012) . Among the many possible ways by which the macrofauna could influence decomposition rates, one is through selective feeding on particular litter types (Hättenschwiller and Bretscher, 2001) . Selective feeding by detritivores has been reported often and, alike decomposability, it is considered to be mediated by litter traits that indicate its nutrient and/or lignocellulose content (Dudgeon et al., 1990; Hendriksen, 1990; Ashwini and Sridhar, 2005; Catalán et al., 2008) and also by colonization by microorganisms (Ihnen and Zimmer, 1998) . Understanding which particular litter traits govern both palatability to detritivores and decomposability can improve our ability to predict how decomposition processes will be affected upon changes in litter traits, be it through climate change (Cotrufo et al., 1998; Hättenschwiler et al., 1999; Kasurinen et al., 2007) or through changes in the species composition of the vegetation (Mack and D'Antonio, 2003; Ashton et al., 2005) . One situation of particular interest is the change in decomposition rates after invasion by exotic plant species (Vitousek, 1990; Ehrenfeld, 2003) , where either increased or decreased mass loss rates have been documented (Ehrenfeld, 2003; Ashton et al., 2005; Bastow et al., 2008) . If both palatability and decomposability were mediated by similar traits, it would be possible to predict whether a positive or negative feedback will take place upon invasion by comparing the native versus the exotic litter traits. However, while there is a substantial amount of research using litter traits to explain decomposability (Tian et al., 1992; Cornelissen et al., 1999; Pérez-Harguindeguy et al., 2000; Cornwell et al., 2008) , which litter traits determine litter palatability to detritivores and its generality is less understood. Here we investigate this relationship, and we hypothesize that (1) feeding preferences of different detritivores species are governed by the same suite of traits and (2) the litter traits that govern food preferences of detritivores are independent of whether detritivores had previously contact with a particular litter type to acclimate with or adapt to. To test this hypothesis, we offered neotropical or palearctic litter to either neotropical or palearctic terrestrial isopods in common cafeteria experiments. With this set-up we expected to simulate the introduction of non-native plant species to a native community of detritivores.
MATERIAL AND METHODS

Isopod species
For this study we chose two terrestrial isopods that are common to temperate deciduous forests of Europe (Palearctic) and two species common to the Atlantic forest of Brazil (Neotropical). The palearctic species pair was Porcellio scaber Latreille, 1804 (Porcellionidae) and Philoscia muscorum (Scopoli, 1763) (Philosciidae). The neotropical species pair was Atlantoscia floridana (van Name, 1940) (Philosciidae) and Balloniscus glaber Araujo & Zardo, 1995 (Balloniscidae) , which are common and abundant isopods in southern Brazil (Quadros and Araujo, 2007; 2008) . P. scaber and P. muscorum were sampled in the vicinity of Kiel, northern Germany, and B. glaber and A. floridana were sampled in Porto Alegre, southern Brazil.
Collection of leaf litter
The palearctic plant species chosen for the study were common deciduous trees of temperate forests inhabited by P. scaber and P. muscorum (Zimmer, 2002a) : Acer pseudoplatanus L. (Fagaceae). Leaf litter from these trees were collected in the vicinity of Kiel immediately upon fall, from single-species stands of at least ten trees each, air-dried and stored at 10°C. To determine the most common litter types available in the area where the neotropical isopods were sampled, we took 40 litter samples within an 1 ha area using a 30 cm diameter corer for further processing in the laboratory. We used an exsiccate collection to determine the identity of the leaves in each corer sample and found four species to be very common in the area: Myrsine umbellata Mart. (Primulaceae) occurred in 87% of the samples, Lithraea brasiliensis Marchand (Anacardiaceae) in 80%, Machaerium stipitatum (DC.) Vogel (Fabaceae) in 67% and Roupala brasiliensis Klotzsch (Proteaceae) in 45%. These four species were then selected for the feeding trials.
To exchange the litter between countries, batches of ~100 g of each litter type were airdried during one week, packed and sealed in plastic containers.
For clarity sake, henceforth plants and isopods will be referred to by their genus.
Plant leaf traits
We thoroughly browsed the literature for litter traits available for the above mentioned plants species. We used nine traits commonly considered to govern leaf litter decomposition and consumer preferences (Hendriksen, 1990; Zimmer, 2002b; Cornelissen et al., 2004; Kurokawa et al., 2010) : toughness, thickness, lignins and cellulose (indicators of litter structural resistance), N, P, Ca and C:N ratio (indicators of litter nutrient content) and total phenolics (indicator of secondary compounds). When more than one value was found for the same litter type, an average was calculated. When authors provided a range of values, the maximum and minimum were included and used to calculate the mean value. In the case of selected neotropical litter, however, there was no such data available in the literature and thus the traits were obtained in the laboratory using standard techniques. Leaf thickness was obtained using a digital caliper. Leaf toughness was obtained with a penetrometer following the method of Graça and Zimmer (2005) . Total phenolics were determined as described in Bärlocher and Graça (2005) , using commercially available tannic acid as standard. For these two assays we used 10 leaves of each species. Lignins and cellulose were measured following Van Soest et al. (1991) . Total nitrogen and carbon were measured in a C/N Analyzer. Total Ca and P were obtained using the atomic absorption assay. These last assays were performed on a bulk of leaves (approx. 500 g of each species). Even though data gathered from the literature presents variation due to differences in litter age, methods and place of collection, some general patterns could be distinguished.
Feeding assays
We conducted multi-choice feeding experiments with both neotropical and palearctic isopods, either offering a choice among the four neotropical litter types or among the five palearctic litter types. To homogenize the initial conditions of the litter, only intact leaves with similar brown coloration were used. This sorting was done manually for all litter types. Adult isopods at an intermoult stage were captured on the same day the assays started. Air temperature was maintened constant at 20 o C during all experiments. The experiments with palearctic woodlice, Porcellio and Philoscia, were conducted in Kiel, Germany. The feeding arenas consisted of plastic boxes (6 cm diameter), lined with plaster, and a small brick piece was added to provide moisture and shelter, respectively. In these assays, consumption was accessed as the amount of food eaten (in mg). For that purpose, leaves were cut into pieces and dried at 45 o C for 48 h. About 5 mg of each food type was offered to the isopods. At the end of the choice test, the remaining food was dried again (45°C, 48 h) and weighed. The experiments with neotropical isopods, Balloniscus and Atlantoscia, were conducted in Brazil. Feeding arenas were made of Petri dishes of 15 cm diameter, lined with plaster to provide moisture and a plastic shelter. Each arena contained three leaf discs (6 mm diameter) of each plant species and one isopod. Using a stereomicroscope and milimetric paper, the area (mm 2 ) of each food type eaten was measured. Further, area eaten was multiplied by leaf thickness (obtained with a digital caliper) to yield the amount consumed as leaf volume (mm 3 ). Fifteen replicates per treatment were set initially, but final numbers ranged from 12 to 15, due to mortality. The trials were stopped when approximately half of the most consumed food was eaten.
At the end of the feeding trials we calculated the amount eaten from each litter type as well as the total amount of food eaten, either as mg (for paleartic isopods) or mm 3 (for neotropical isopods), for each replicate. Then we expressed the consumption as a percentage of the total amount eaten. This procedure allowed for comparison of the results even though the methods used to estimate consumption differed between neotropical and palearctic isopods.
Data analysis
The litter traits of neotropical and palearctic species were ordinated with a principal component analysis (PCA) of our dataset (11 traits x 9 plant species) using PAST (Hammer et al., 2001) . For each combination of isopod species and litter origin we compared the relative consumption of the litter type by multiple pairwise comparisons with resampling. This procedure was done using the resampling functions provided in PopTools (Hood, 2010) . To access the relationship between the observed food preference and the litter traits, the amount consumed of each plant by each isopod species (in relation to the total consumed) was correlated to the litter position along the principal components (given by the PCA scores), as in Díaz et al. (2004) . For this analysis we used a bootstrapped Pearson correlation, and we included the first two PCA axes, as they explained the largest part of the variance.
RESULTS
The litter types markedly differed from each other with respect to those traits commonly considered relevant (PCA: Fig. 1) . The first PCA axis shows a clear distinction between tough and nutrient-poor litter (Roupala) and the softer and nutrient-rich (nitrogen, calcium) litter types (Machaerium and Alnus), with all other litters intermediate to these two extremes (Fig. 1) . Along the second PCA axis, Alnus is also separated from the other litters due to its higher calcium content (Fig. 1) . We also noted little differentiation between the neotropical litter types along axis 2 (Fig. 1) . Figure 1 . Principal component analysis of nine litter traits of four neotropical (white symbols) and five palearctic (black symbols) deciduous tree species (only axes 1 and 2 are shown, which explained 70% of total variance).
According to our hypotheses, food preferences by different isopods were very similar when neotropical litter was offered ( Fig.  2A, 2C ) and exactly the same when palearctic litter was offered (Fig. 2B, 2D ). Amongst the neotropical litter types, Roupala was always the least consumed, while Myrcine, Lithrea and Machaerium were consumed in similar proportions ( Fig. 2A, 2C ). When palearctic litter was offered, isopod preference was very evident towards Alnus litter. Alnus constituted more than 60% of the total amount consumed, while the other four species represented from 5% to 20% of the total amount eaten (Fig. 2B,  D) .
By crossing the preference ranks obtained in the multi-choice experiments with the ordination of plant traits, we show that the feeding preferences of both palearctic and neotropical isopods were negatively correlated to the position of plants along PCA axis 1 (Pearson r = -0.43, P = 0.0037) (Fig. 3A) and positively correlated with axis 2 (Pearson r = 0.57, P = 0.0001) (Fig. 3B ). This correlation indicates that food preferences increase with decreasing toughness, C:N ratio, thickness and lignins, while it increases as calcium and nitrogen content increases (Fig. 3) .
DISCUSSION
Our present findings clearly indicate that terrestrial isopods of distant families and distant bio-geographical locations show common food preferences. They also suggest that detritivores, irrespective of potential acclimation with, or adaptation to, locally prevailing litter types, choose their preferred food sources upon a limited number of litter traits. This finding has implications for our prognostication on how the litter of non-native plant species will be decomposed through the action of native detritivore communities, since feeding preferences for non-native can be predicted from (a) feeding preferences in their native ranges and (b) relatively few litter traits.
Our results demonstrate that terrestrial isopods are able to distinguish between litter types and that litter palatability is determined by a combination of important nutrients, here nitrogen and calcium, and the mechanical resistance of the leaves, expressed by their thickness, toughness and its correlates (lignins, C:N ratio). The multivariate analysis of the selected litter traits clearly separates Roupala from the other neotropical litter and Alnus from the other palearctic litter. Accordingly, in the preference rank of the four isopod species tested, these two litter types stand out as the least and most preferred, respectively, as compared with the other litter offered simultaneously.
When given a choice among litter types that differed largely with respect to thickness and toughness, as was the case for the neotropical litter, isopods clearly avoided excessively tough litter (here: Roupala). These results are in accordance with previous findings that, if given a chance, isopods will prefer the litter with lower amounts of lignins (Soma and Saitô, 1983; Catalán et al., 2008) . Thick, tough and lignin-rich litter such as Roupala is most probably avoided because it makes the chewing of the plant material by the mouthparts difficult or even unviable, if the litter is tougher than the mouthparts (Sanson, 2006) . When a litter with high contents of nutrients and low toughness, lignins and C:N ratio was available, as was the case for Alnus compared to the other litter of palearctic origin, it was readily and intensely consumed while the others were left aside. This combination of high nutrient content with low thickness/ toughness and its correlates is commonly associated with high decomposability, as it is indeed the case for Alnus (Wedderburn and Carter, 1999; Pérez-Corona et al., 2006) . Amongst the neotropical litter, however, Machaerium litter was also nitrogen-rich and presented very low thickness/toughness, but it was not consumed in a greater proportion than the other two, Myrcine and Lithraea. This might indicate the presence of a feeding deterrent that was not addressed in the present study, such as terpenes and alkaloids that could be offsetting its beneficial traits.
Although calcium is not a nutrient commonly included as descriptor of litter quality, our results (and also Dugdeon et al., 1990) point to its importance as indicator of palatability to detritivores. Calcifying soil invertebrates depend on calcium and it is known that low pH that interferes with calcium availability restricts isopod distribution and population growth (Zimmer and Topp, 1997) . Considering litter, the main food source to macrodetritivores, it is likely that food preference would have implications for fitness. Indeed, isopods (P. scaber) have higher growth rates when feeding on Alnus litter and lower growth efficiency when feeding on tougher litter (Souza et al., 1998) . Thus, it seems that the more palatable a litter is to detritivores, the higher fitness benefits it will provide (Rushton and Hassall, 1983; and there is likely a positive feedback of litter traits on decomposition rates by maintaining and/or increasing detritivore populations.
As the present results demonstrate, the litter traits most commonly associated with low decomposability -high thickness, toughness, lignins and C:N ratios and low nutrient content (Taylor et al., 1989; Cornelissen et al., 1999) -also indicate low palatability to important macrodetritivores such as terrestrial isopods. Having this correlation in mind, we can expect that changes in litter quality induced by environmental changes will affect food selection and overall litter consumption by the macrofauna, with consequences for decomposition and nutrient mineralization (Hättenschwiler and Bretscher, 2001) . It could be possible to predict the direction of the effect that changing litter traits will have on decomposition rates, based on the differences between the native and exotic litter. For instance, Cameron and Spencer (1989) reported an increase in decomposition and nutrient cycling following invasion by a plant that produced faster decomposable litter (low lignin:N ratio) than the natives, and the exotic litter was consumed by the isopod Armaddillidium vulgare, an important detritivore in the area. On another situation, the litter produced by an invasive grass had a high C:N ratio and, as expected, was rejected by P. scaber (Bastow et al., 2008) . In this case, the litter accumulated in invaded areas and decomposition rates decreased (Bastow et al., 2008) . By observing that isopods from different geographical regions exhibit essentially the same food preference, we conclude that it is not the status of being non-native that determines palatability of a particular litter type but its traits. Thus, native isopods (and maybe macrodetritivores in general, see Dunger, 1958) will feed on a particular non-native litter type as likely as do isopods in the native range of the plant. Hence, the palatability of a non-native litter to the native detritivore community could be predicted from the respective litter traits.
